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SOD\VDQLPSRUWDQWUROH2QWKHFRQWUDU\LQPRUHVXEWOHFRQVWUXFWLRQVWKHFRXUVHRIWHPSHUDWXUHLVLQIOXHQFHGPDLQO\
E\ZHDWKHUFRQGLWLRQV7KHDLPRIWKLVDUWLFOHLVWRSUHVHQWDWKHUPRG\QDPLFQXPHULFDOPRGHOZKLFKPLJKWEHXVHG
IRUFRPSOH[DQDO\VLVRIWKHFRXUVHRIWHPSHUDWXUHDWDQ\WLPHDQGSODFHRIWKHIRXQGDWLRQVODELQLWVHDUO\VWDJH7KH
PRGHOZRUNVRQ WKHEDVLVRI WKH ILQLWHHOHPHQWPHWKRGDQGDW WKH VDPH WLPHDSSURSULDWHO\ WDNHV LQWRDFFRXQW WKH
FRQFUHWHFRPSRVLWLRQLWVFXULQJDQGFOLPDWLFLQIOXHQFHV7KHYDOXHVFDOFXODWHGQXPHULFDOO\E\WKHGHVFULEHGPRGHO
DUHFRPSDUHGZLWKWKHGDWDREWDLQHGH[SHULPHQWDOO\RQDUHDOFRQVWUXFWLRQ$QLQWHUHVWLQJSDUWRIWKLVWDVNLVWKDWLQ
LWVHDUO\VWDJHVWKHVWDWLFIXQFWLRQZKLFKDQDO\VHVWKHRFFXUUHQFHRIFUDFNVLQDFRQFUHWHFRQVWUXFWLRQLVLQIOXHQFHG
E\WKHFRPSRVLWLRQRIFRQFUHWHFOLPDWLFLPSDFWVDQGPHWKRGRIFXULQJ
7KHUPRG\QDPLFPRGHO7'0
7KHSULQFLSOHRIFDOFXODWLRQRIWKHWHPSHUDWXUHLQDFRQFUHWHFRQVWUXFWLRQLVEDVHGRQWKHUHFRJQLVHGGLIIHUHQWLDO
HTXDWLRQGHVFULELQJDQRQVWDWLRQDU\WKHUPDOILHOGLQDJHQHUDORUWKRWURSLFERG\
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)RU WKHQHHGVRIDQDO\VLVDQDOJRULWKPZRUNLQJRQ WKHEDVLVRI WKH ILQLWHHOHPHQWPHWKRGZDVGHGXFHG 7KLV
DOJRULWKPFDQEHHDVLO\SURJUDPPHGDQGHQDEOHVDQDO\VLQJWKHFRXUVHRIWHPSHUDWXUHRIDFRQFUHWHFRQVWUXFWLRQDW
DQ\WLPHDQGSODFHFRQVLGHULQJWKHWKLFNQHVVRIWKHFRQVWUXFWLRQ+HQFHWKHDOJRULWKPLVVROYLQJRQHGLPHQVLRQDO
QRQVWDWLRQDU\WKHUPDOILHOGZLWKWKHLQWHUQDODQGH[WHUQDOKHDWUHVRXUFHV7KHFDOFXODWLRQPRGHOFRQVLVWVRIILQLWH
HOHPHQWVVRLOFRQFUHWHWKHUPDOLQVXODWLRQ7KHFRPSOH[FDOFXODWLRQPRGHOLVVKRZQLQILJXUH
7KH FRXUVH RI WHPSHUDWXUH LQ WKH HDUO\ VWDJHV RI FRQFUHWH VHWWLQJ LV LQIOXHQFHG E\ D QXPEHU RI SK\VLFDO
WHFKQRORJLFDO DQG FOLPDWLF IDFWRUV  7KHLU UROH LQ WKH RFFXUUHQFH RI FUDFNV FKDQJHV LQ GHSHQGHQFH RQ SDUWLFXODU
FRQGLWLRQV 6R LW LVQRWSRVVLEOH WRGHWHUPLQHRQH IDFWRUDV WKHPRVWXQIDYRXUDEOHEXWDW WKHVDPHWLPH LW LVQRW
SRVVLEOH WR PDNH D JHQHUDO RUGHU RI IDFWRUV DFFRUGLQJ WR WKHLU LPSDFW RQ WKH FRXUVH RI WHPSHUDWXUH  7KH JLYHQ
DOJRULWKPVROYHVWKHSUREOHPLQDFRPSOH[ZD\DQGLWLVSRVVLEOHWRDQDO\VHWKHLPSDFWRIWKHSDUDPHWHULWVHOIIRUD
SDUWLFXODUFRQVWUXFWLRQXQGHUSDUWLFXODUFRQGLWLRQV

)LJ&RXUVHRIWHPSHUDWXUHLQWKHVHOHFWHGIRXQGDWLRQVODEWKLFNQHVVPP
,QWKLVFDVHWKHDOJRULWKPRQWKHEDVLVRIILQLWHHOHPHQWVZDVSURJUDPPHGLQ([FHO7KHWLPHLQWHJUDWLRQLWVHOI
SURFHHGV E\ WKH VWHS E\ VWHS PHWKRG DQG WKH WLPH VWHSV DUH RSWLRQDO $Q RSWLPXP FKRLFH RI WKH VWHS LV 
VHFRQGVKRXUKRZHYHUDVXIILFLHQWDFFXUDF\RIWKHFDOFXODWLRQFDQEHDFKLHYHGLQWKHSHULRGRIWKHWLPHVWHSRI
 VHFRQGV KRXUV  ,Q WKLV FDVH WKHQXPEHURI FDOFXODWLRQ VWHSV LV  EXW WKH FDOFXODWLRQ FDQEH VLPSO\
H[WHQGHGLIQHFHVVDU\,QILJXUHZHFDQVHHWKHRXWSXWVKRZLQJWKHFRXUVHRIWHPSHUDWXUHLQWKHHDUO\VWDJHIRUWKH
VHOHFWHGIRXQGDWLRQVODEZLWKWKHWKLFNQHVVRIPPXQGHUVHOHFWHGFRQGLWLRQVDQGFRQFUHWHIRUPXOD
6WUHQJWKDQDO\VLV
,I WKH WHQVLOH VWUHVVH[FHHGV WKHDFWXDO WHQVLOH VWUHQJWKRI WKHFRQFUHWH FUDFNVDSSHDU >@ ,Q WHUPVRI WLPHZH
GLVWLQJXLVKILJ

HDUO\ FUDFNV ZKLFK RFFXU LQ WKH ILUVW KRXUV GD\V DIWHU FDVWLQJ WKH FRQFUHWH GXH WR FRQFUHWH FRROLQJ ZKHQ WKH
PD[LPXPWHPSHUDWXUHIURPWKHK\GUDWLRQKHDWZDVUHDFKHG

ODWHFUDFNVZKLFKRFFXURUJHWZLGHUDIWHUWKHFRQVWUXFWLRQZDVORDGHGGLUHFWO\DQGRUGXULQJWKHILUVWZLQWHUDIWHU
FRQFUHWLQJ
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
)LJ6FKHPDWLFLOOXVWUDWLRQRIWKHGHYHORSPHQWRIWHQVLOHVWUHQJWKRIFRQFUHWHDQGWHQVLOHVWUHVVE\IRUFHGGHIRUPDWLRQ>@
3ULPDU\IDFWRUVWKDWKDYHLPSDFWRQWHQVLRQLQWKHFRQVWUXFWLRQLQWKHHDUO\VWDJHDUHWKHFRXUVHRIWHPSHUDWXUH
DXWRJHQRXV VKULQNDJH DQG VKULQNDJH DV D UHVXOW RI GU\LQJ  ,W LV SRVVLEOH WR VHW YDOXHVRI UHODWLYHGH IRUPDWLRQE\
VKULQNDJH DFFRUGLQJ WR VHYHUDO IRUPXODV LQ WKLV FDVH PHWKRG LQ DFFRUGDQFH ZLWK >@ ZDV XVHG  7KH UHODWLYH
GHIRUPDWLRQE\WHPSHUDWXUHLVDGRSWHGIURPWKHWKHUPDODQDO\VLVRIWKHFRQVWUXFWLRQVKRZQDERYH

)LJ5LVNVRIRFFXUUHQFHRIFUDFNVLQWKHVHOHFWHGIRXQGDWLRQVODEZLWKDWKLFNQHVVRIPP
,QILJXUHZHVKRZWKHUHVXOWRIVWDWLFDQDO\VLVRIWKHFRQVWUXFWLRQLQWKHHDUO\VWDJHRIIRUFHGGHIRUPDWLRQV7KH
ILJXUH LOOXVWUDWHV WKHULVNRIRFFXUUHQFHRIFUDFNVDWDQ\ WLPHDQG OHYHORI WKHFRQFUHWHFRQVWUXFWLRQ $W WKHVDPH
WLPH WKHQRWLRQRI WKH ULVNRIRFFXUUHQFHRIFUDFNV >@ UHSUHVHQWV WKH UDWLREHWZHHQ WKHFUHDWHG WHQVLOH VWUHVVDQG
DFWXDOYDOXHRIWHQVLOHVWUHQJWKRIFRQFUHWHıWIFWPW)URPDPDWKHPDWLFDOSRLQWRIYLHZWKHVWUHQJWKDQDO\VLVRIWKH
FRQVWUXFWLRQLQWKHHDUO\VWDJHVLVUHODWLYHO\FRPSOLFDWHGDQGRQHRIWKHPRVWLPSRUWDQWLQSXWVIRULWVFDOFXODWLRQLV
DQ DSSURSULDWHO\ VHOHFWHG UKHRORJLFDO PRGHO UHDOLVWLF ORDG RI WHPSHUDWXUH DQG VKULQNDJH DQG DOVR WKH FRUUHFW
FDOFXODWLRQRIFRQFUHWHVWUHQJWKLQWKHWLPHDQGOHYHORIWKHFRQFUHWHFRQVWUXFWLRQ,QWKLVFDVHWKHORDGVWHSZLOOODVW
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VHFRQGVKRXUDQGWKHQXPEHURIFDOFXODWLRQVWHSVLVZKLFKOHDGVWRDUHVKDSLQJPDWUL[RIGLPHQVLRQ
 [ PHPEHUV IRU HDFK FRQFUHWH HOHPHQW :LWK WKH DLG RI$UUKHQLXV¶ ODZ WKH WHQVLOH VWUHQJWK LQ WLPHZDV
FDOFXODWHG  ,W WDNHV LQWRDFFRXQW WKHUHDOPHDVXUHGFRXUVHRI WHPSHUDWXUHDQG WKH W\SHRIXWLOL]HGFHPHQWZKLFK
WRJHWKHUZLWKWKHDFWXDOKXPLGLW\DUHWKHPDLQIDFWRUVLQIOXHQFLQJWKHDFWXDOPDWXULW\RIFRQFUHWH$JDLQZHGRWKH
ZKROHFDOFXODWLRQE\WKHVWHSE\VWHSPHWKRGZKLFKHQDEOHVXVWRDYRLGSUDFWLFDOO\LPSRVVLEOHLQWHJUDWLRQ$OOWKH
PHQWLRQHG SDUDPHWHUV DUH DOZD\V D IXQFWLRQ RI WLPH DQG VSDFH LQ WKH FRQVWUXFWLRQ LQGHSHQGHQWO\ IRU HDFK ILQLWH
HOHPHQW
([SHULPHQW
7KHJRDORIWKHH[SHULPHQWLVWRPHDVXUHWKHFRXUVHRIWHPSHUDWXUHFDXVHGE\K\GUDWLRQKHDWDQGRWKHUIDFWRUV
KDYLQJ LPSDFW RQ WKH PDJQLWXGH RI WKH WKHUPDO ORDG LQ WKH HDUO\ VWDJH RI FRQFUHWH VHWWLQJ LQ UHDO FRQFUHWH
FRQVWUXFWLRQV$WWKHVDPHWLPHWKHUHZDVDQDWWHPSWWRPHDVXUHPRVWIDFWRUVWKDWFDQLQIOXHQFHWKHPDJQLWXGHRI
WKHWKHUPDOORDGDQGWKHIROORZLQJRFFXUUHQFHRIFUDFNVLQWKHHDUO\VWDJH'XULQJWKHFRQFUHWLQJDQGWKHHDUO\VWDJH
RIFRQFUHWH VHWWLQJ WKHFRXUVHRI WHPSHUDWXUHDWDQ\ OHYHORI WKHHOHPHQWZDVPRQLWRUHGDQGDW WKHVDPH WLPH WKH
ZHDWKHU LPSDFWV ZHUH PHDVXUHG  7KH WHPSHUDWXUHV ZHUH PHDVXUHG LQ WKH IRXQGDWLRQ DQG FHLOLQJ VODEV LH
KRUL]RQWDOVODEFRQVWUXFWLRQVWRVLPXODWHRQHGLPHQVLRQDOWKHUPDOIORZ


)LJ6FKHPHRIFRQQHFWLRQFRQFUHWHFRQVWUXFWLRQWKHUPDOHOHPHQWGDWDORJJHUPLQLODSWRSDQHPRPHWHUWKHUPRPHWHUKXPLGLW\
PHWHUUDLQJDXJHPHWHRVWDWLRQVRODUPHWHUPRGHPFHQWUDOFRPSXWHU
7KHWHPSHUDWXUHDORQJWKHKHLJKWRI WKHHOHPHQWZDVPHDVXUHGDWVHYHUDO OHYHOVZLWKWKHDLPWRGHWHUPLQHWKH
FRXUVH DQG GHYHORSPHQW RI WHPSHUDWXUHV DV DFFXUDWHO\ DV SRVVLEOH 7KHUPDO HOHPHQWV W\SH. DQG D GDWDORJJHU
3LFR 7 FRQQHFWHG WR D FRPSXWHU ZHUH XVHG WR PHDVXUH WKH WHPSHUDWXUH  7KH WHPSHUDWXUHV LQ LQGLYLGXDO
PHDVXUHGSRLQWVZHUHDXWRPDWLFDOO\UHDGHYHU\KRXUZLWKLQWKHSHULRGRIGD\VLQGHSHQGHQFHRQWKHWKLFNQHVVRI
WKHHOHPHQW'XHWRWKLVFRQWLQXDOPHDVXULQJDQGGDWDUHJLVWHULQJLWZDVSRVVLEOHWRPHDVXUHQRWRQO\WKHPD[LPXP
WHPSHUDWXUHRI WKHHOHPHQWEXWDOVR WKHFRXUVHRI WHPSHUDWXUHVDW LQGLYLGXDO OHYHOVDQG WLPH WRYHULI\ WKHDERYH
VKRZQQXPHULFDOPRGHO7'0
$ SURIHVVLRQDO PHWHRURORJLFDO VWDWLRQ 7)$6,186 DQG VRODUPHWHU .,02 6/ ZHUH XVHG WR PHDVXUH WKH
ZHDWKHUHIIHFWVDVWKH\KDYHDVXEVWDQWLDOLPSDFWRQWKHFRXUVHRIWHPSHUDWXUHVLQDFRQFUHWHFRQVWUXFWLRQ 
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&RQFOXVLRQ
&RPSRVLWLRQVRIFRQFUHWHWHFKQRORJLFDODQGFOLPDWLFFRQGLWLRQVDUHWKHGHFLVLYHIDFWRUVWKDWKDYHLPSDFWRQWKH
FRXUVH RI WHPSHUDWXUHV LQ WKH FRQFUHWH FRQVWUXFWLRQ  7KH UHVXOWV RI H[SHULPHQWDOPHDVXUHPHQWV RI WKH FRXUVH RI
WHPSHUDWXUHVLQOHYHOVRIWKHHOHPHQWVKRZHGDUHODWLYHO\JRRGFRQIRUPLW\ZLWKWKHYDOXHVFDOFXODWHGQXPHULFDOO\
ZLWKWKHDLGRI7'0 7KHDUWLFOHSUHVHQWVDSRVVLEOHDSSURDFKWRGLPHQVLRQLQJRI IRXQGDWLRQVODEVRQZKLFKZH
LPSRVHKLJKHUVWUHVVHVIURPWKHSRLQWRIYLHZRIPDUJLQDOVWDWHRIXVDELOLW\VXFKDV IRXQGDWLRQVODEVRIZDWHUWLJKW
FRQFUHWHVWUXFWXUHVZLWKWKHVWULFWHVWFULWHULDXVDJHFODVV$>@,WLVSRVVLEOHWRDQDO\VHFHPHQWFRQFUHWHURDGGHFNV
LQDVLPLODUZD\DVZHOODVLQGXVWULDOIORRUVZKHUHFUDFNVDUHXQGHVLUDEOH$VLWLVVKRZQDERYHZHFDQDOVRDQDO\VH
RWKHU W\SHVRI FRQVWUXFWLRQV VXFK DVZDOOV IORRU VODEV HWF LIZH DGMXVW ERXQGDU\ FRQGLWLRQV  ,Q FDVH FUDFNVRI
OLPLWHGZLGWKDUHDOORZHGLQWKHPHQWLRQHGFRQVWUXFWLRQVLWLVSRVVLEOHWRPLQLPLVHWKHPDJQLWXGHRIIRUFHGUHODWLYH
GHIRUPDWLRQREMHFWLYHO\ZLWKWKHDLGRI7'0
2Q WKH EDVLV RI WKH PHQWLRQHG FDOFXODWLRQV LW LV SRVVLEOH WR RSWLPLVH WKH SURFHVV RI GHVLJQ DQG FRPSOHWLQJ WKH
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